Above- and belowground patterns in a subalpine grassland-shrub mosaic by Pornaro, Cristina et al.
Original Citation:
Above- and belowground patterns in a subalpine grassland-shrub mosaic
Taylor and Francis Ltd.
Publisher:
Published version:
DOI:
Terms of use:
Open Access
(Article begins on next page)
This article is made available under terms and conditions applicable to Open Access Guidelines, as described at
http://www.unipd.it/download/file/fid/55401 (Italian only)
Availability:
This version is available at: 11577/3195837 since: 2018-02-20T08:43:41Z
10.1080/11263504.2016.1187679
Università degli Studi di Padova
Padua Research Archive - Institutional Repository
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=tplb20
Download by: [Universita di Padova] Date: 07 December 2017, At: 05:59
Plant Biosystems - An International Journal Dealing with
all Aspects of Plant Biology
Official Journal of the Societa Botanica Italiana
ISSN: 1126-3504 (Print) 1724-5575 (Online) Journal homepage: http://www.tandfonline.com/loi/tplb20
Above- and belowground patterns in a subalpine
grassland-shrub mosaic
C. Pornaro, M. K. Schneider, B. Leinauer & S. Macolino
To cite this article: C. Pornaro, M. K. Schneider, B. Leinauer & S. Macolino (2017) Above-
and belowground patterns in a subalpine grassland-shrub mosaic, Plant Biosystems -
An International Journal Dealing with all Aspects of Plant Biology, 151:3, 493-503, DOI:
10.1080/11263504.2016.1187679
To link to this article:  https://doi.org/10.1080/11263504.2016.1187679
© 2016 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group
Published online: 02 Jun 2016.
Submit your article to this journal 
Article views: 315
View related articles 
View Crossmark data
Citing articles: 1 View citing articles 
Plant Biosystems 2017
Vol. 151, No. 3, 493–503, http:/dx.doi.org/10.1080/11263504.2016.1187679
Above- and belowground patterns in a subalpine grassland-shrub 
mosaic
C. PORNARO1, M. K. SCHNEIDER2, B. LEINAUER3, & S. MACOLINO1
1Department of Agronomy, Food, Natural resources, Animals and Environment, University of Padova, Legnaro, Italy; 
2Agroscope, Institute for Sustainability Sciences, Zurich, Switzerland and 3Department of Extension Plant Sciences, 
New Mexico State University, Las Cruces, NM, USA
Abstract
Many mountain pastures consist of a mosaic of grassland and shrub communities. Ongoing changes in mountain 
agriculture have affected the balance between the two elements of the mosaic. In order to understand the consequences 
of these changes for ecosystem functioning, we studied patterns in vegetation, root structure and soil properties along 
transects of varying grassland-to-shrub proportions. Our hypothesis was that differences in the vegetation aboveground 
are accompanied by differences belowground, related to soil properties and depth. The research was conducted at a 
subalpine site in the Trentino region (South-eastern Alps), consisting of Nardus stricta grasslands alternating with shrub 
patches of Rhododendron ferrugineum. Our investigation showed that the composition of vegetation was mainly governed by 
R. ferrugineum cover and less by soil properties. Plant species richness peaked at low to intermediate degrees of shrub 
cover and composition between transects became more similar with increasing shrub cover. Where R. ferrugineum cover 
was higher, Hemicryptophytes caespitosae were replaced by Nano-phanerophytes with consequences for belowground 
structures. At increasing shrub cover, root length density decreased, especially in the top soil, while root weight density 
remained stable and C content increased insignificantly. We discuss that theses structural changes along the gradient of 
R. ferrugineum cover affect a number of ecosystem services. The presented evidence suggests that maintaining grasslands 
with a low cover of R. ferrugineum balances a number of services, namely plant species diversity, carbon stabilization in soil 
and the prevention of soil erosion.
Keywords: Life forms, plant species composition, root weight density, root length density, diameter size distribution
Introduction
Subalpine pastures are created and maintained by 
extensive ruminant husbandry and are frequently 
composed of a mosaic of shrubland and grassland 
(Mucina et al. 1993; Tasser & Tappeiner 2002; Koch 
et  al. 2015). The reduction of traditional manage-
ment or the complete abandonment of pastoralism 
in areas below the treeline results in the expansion 
of woody plants, especially in inaccessible and steep 
areas (Tasser & Tappeiner 2002; Galvánek & Janák 
2008). In many cases, such homogeneous shrub or 
forest vegetation is much less biodiverse than grass-
land vegetation or mosaics of both (MacDonald 
et al. 2000; Pornaro et al. 2013; Koch et al. 2015).
Mountain grassland provide a number of services 
such as the conservation of unique biodiversity, the 
regulation of physical and chemical fluxes in ecosys-
tems, the mitigation of pollution and the preserva-
tion of landscapes (e.g. Gibon 2005; Lemaire et al. 
2005). Shrubland and grassland differ in ecosystem 
functioning and, hence, shifts in the mosaic struc-
ture may affect the provision of ecosystem services. 
Several of these services are modulated by below-
ground components of the ecosystem, for example, 
the retention of water and nutrients in the soil, the 
sequestration of carbon (C) and soil stability (Guidi 
et  al. 2014). However, vegetation studies are usu-
ally restricted to aboveground components. Van 
der Maarel and Franklin (2012) suggested that “it 
would be logical, although technically complicated, 
to include belowground components in the defini-
tion and description of plant communities” since 
belowground components are part of the commu-
nity. Structural analyses of aboveground plant parts 
should therefore be complemented with an analysis 
of the belowground parts.
Above and belowground vegetation structure has 
been jointly studied in cropland with regards to soil 
© 2016 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://
creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original 
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depth. To the best of our knowledge, this is one of 
the first detailed assessments of root characteris-
tics in species-rich Nardus grassland. The objective 
of our research was to assess aboveground species 
composition and belowground soil and root charac-
teristics and consequently derive recommendations 
for urgently needed cost-effective management 
strategies in this fragile ecosystem.
Methods
Description of study site
The research was conducted in the Trentino region, 
a mountain area in the Central and Eastern Italian 
Alps (Blasi et al. 2014). The study site was located 
on the Trenca summer farm (latitude 46°08′N; 
longitude 11°39′E; elevation 1700  m asl.) in the 
south-eastern part of the Lagorai massif. The cli-
mate of the site is temperate oceanic with an annual 
mean temperature of 4.4°C (derived from the high- 
resolution Alpine temperature interpolation by Hiebl 
et  al. 2009) and rainfall of 917  mm  year−1 (data 
derived from the Meteotrentino data weather station 
nearest to the site). Monthly precipitation exceeds 
80 mm between May and October. According to the 
world reference base classification, the soil at the site 
is an Umbric Leptosol.
In 2009, when the field work was carried out, the 
pasture site was grazed by 85 dairy cows, 50 goats 
and 70 sheep. The stocking rate was adjusted by 
the owner to achieve optimum pasture productivity 
(around 0.6 livestock units ha−1). However, in the 
twentieth century, the number of grazing animals 
was higher and continuously reduced from 2000 
to 2009. Cows were kept on the pasture during the 
entire grazing season (from June to September). 
They were milked twice per day and were taken to 
areas further away from the stead after milking. The 
study site was located in the flatter portion of the 
whole grazing area and consisted of heterogeneous 
vegetation (Figure 1(a)): it can be described as a gra-
dient of vegetation between typical Nardus grassland 
on one side and areas completely covered by shrubs 
(R. ferrugineum) on the other.
Air photos of the area captured in 1954, 1973, 
1998 and ortophotos of 2000 and 2006 were ana-
lysed in order to distinguish shrub patches on grass-
land using different pixel colours. The distortion of 
air photos was corrected by overlapping them to 
ortophotos in ArcMAP 10.1 (ESRI, Redlands, CA). 
The poor resolution of air photos and their range of 
grey colouration impeded the analysis. Therefore, 
only the two ortophotos were analysed quantitatively 
using Sigmascan Pro v. 5.0 (SPSS Inc., Chicago, IL), 
for estimating the percentage of image pixels refera-
ble to shrubs and trees ground cover through analysis 
water infiltration and soil structural stability (Mamo 
& Bubenzer 2001; Joseph et al. 2003), which  regulate 
soil erosion (Klima 2007). In grassland, Guidi et al. 
(2014) emphasized the importance of the stable stor-
age of carbon. Compared to forests, they found that 
managed and abandoned grasslands store substan-
tially more C in stable mineral soil aggregates and 
as much C in total. In addition, the depth and the 
density of plant roots are important soil stability fac-
tors and are sensitive parameters in most hydrologi-
cal models (Beven & Kirby 1979; Tasser et al. 2003). 
This shows that above and belowground vegetation 
structure is crucial in the global C and water cycles. 
However, only a few studies reported the effects of 
semi-natural vegetation on soil properties (e.g. De 
Baets et  al. 2006; Montagnoli et  al. 2010; Głąb & 
Kacorzyk 2011) or how changes in root density and 
morphology in gradients from grassland to shrub-
land affect soil functioning (Tasser et al. 2003).
One of the most widespread semi-natural habitats 
in temperate mountain regions are species-rich 
Nardus stricta L. grasslands codified as H 6230 in 
the Natura 2000 list (Galvánek & Janák 2008). They 
are extensively managed and occur in large parts of 
Western and Central Europe (Krahulec 1985; 
 Stieperaere 1990; Peppler 1992). In the Italian Alps, 
this habitat is located in alpine and subalpine zones on 
a wide range of different soil and climate conditions, 
which result in a wide number of sub-types (Lüth 
et al. 2011; Pignatti et al. 2013; Gennai et al. 2014). 
Especially, in the upper subalpine zone, Nardus 
grasslands are frequently interspersed by Rhododendron 
ferrugineum L. dwarf shrub communities, forming 
a mosaic of both communities. The portion and 
distribution of grassland and shrub patches primarily 
depend on management factors such as the intensity of 
grazing by domestic animals. Grazing intensity has been 
reduced in many areas of the Southern Alps and caused 
the expansion of dwarf shrub communities (Pornaro 
et al. 2013). As reported by the Trento Regional Rural 
Development Programme (2014–2020), 67% of 
the regional territory were covered by forest in 2005 
(407.531  ha), and the area of forest expanded by 
18% on former open grassland in marginal areas in 
the past 50 years. Such a strong change of land cover 
may have large-scale consequences for the provision of 
ecosystem services.
We, therefore, studied how plant species compo-
sition, as well as soil properties, root density and 
root size distribution vary along grass–shrub gra-
dients (open N. stricta grassland to R. ferrugineum 
shrubs) in the South-eastern Alps. We hypothesized 
that along these grass–shrub gradients a concur-
rent change of both vegetation and belowground 
patterns occurs. In particular, as root distribution 
of herbaceous and shrubby plants differs, we also 
expected that patterns vary significantly with soil 
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of image spectrum. The Tinitaly 10-m elevation data 
(Tarquini et al. 2007) was used to relate the percent-
age of shrub cover to terrain slope and  topographic 
position index that is the difference between the 
elevation of a focal cell and the average elevation of 
its eight surrounding neighbours.
Vegetation survey, root sampling and analysis
Six linear transects across the grassland–shrub 
mosaic were established (Figure 1(a)). Five plots 
each measuring 1 m by 1 m were located along each 
transect resulting in a total of 30 plots. Plots were 
chosen along each transect in order to be as close as 
possible to 0, 25, 50, 75 and 100% of shrub cover. 
Plant species composition was assessed in each plot 
in July 2009. Presence/absence of species in each 
plot was recorded, using the taxonomy of Pignatti 
(1982). The total number of species was calculated 
for each plot. In addition, the life form of all vascular 
plant species was reported according to Raunkiaer 
(1934) and Pignatti (1982). The similarity of vege-
tation in each plot i and the five other plots j in the 
same class of shrub cover was expressed as follows:
where dij is the Bray and Curtis (1957) distance 
calculated as follows:
s
i
= 1 −
5∑
j=1
d
ij
∕5
d
ij
=
N
i
+N
j
−N
ij
N
i
+N
j
where Ni and Nj are the number of species on plots i 
and j, respectively, Nij is the number of species shared 
between plots i and j. The similarity is 0 when no 
species are shared and 1 when species composition 
is identical.
Soil samples from depths 0–5  cm and 5–20  cm 
were collected and analysed following Italian standard 
soil analysis guidelines (G.U. 1999) for total nitrogen 
(N) content (Kjeldahl total nitrogen [g kg−1]), con-
tent of organic C (Springer–Klee method [g kg−1]) 
and pH (1:5 soil–water solution). Additionally, one 
soil core (47 mm in diameter and 20 cm in length) 
was taken from each plot using a split-tube sampler 
(Eijkelkamp Agrisearch Equipment, Giesbeek, the 
Netherlands) to determine main root parameters 
for different soil depths. Cores were divided into 
three sections: 0–5  cm; 5–10  cm; and 10–20  cm 
depths, and then frozen. Before washing, a solution 
of 2% oxalic acid was used to disperse soil particles 
(Heringa et  al. 1980). Roots were then separated 
from soil and organic debris using sieves, and sam-
ples were cleaned by hand to remove the remaining 
soil and organic impurities. After cleaning, samples 
were temporarily stored in a 12% ethanol solution. 
Total length and average diameter of root samples 
were measured by means of winRHIZO™ version 
2003b (Regent Instruments Inc., Quebec). Results 
were grouped into diameter classes ranging from 
0 to 2 mm (fine roots) in increments of 0.2 mm, and 
roots over 2 mm were grouped together. Roots were 
then dried at 105°C for 36 h to determine biomass 
dry weight. Root weight density and root length den-
sity of each core section were calculated based on 
soil volume. The total root weight density and the 
Figure 1. The six transect lines (along which vegetation and soil samples were collected), plotted over an ortophoto of 2006 with contour 
lines at 10 m interval (a), and the distribution of shrub patches in 2000 (b) and 2006 (c) in the immediate surroundings of the transects 
(indicated by the blue rectangle in panel (a)). The inlay in panel (a) shows the location of the study site at Trenca farm in Italy.
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ita
 di
 Pa
do
va
] a
t 0
5:5
9 0
7 D
ec
em
be
r 2
01
7 
496 C. Pornaro et al.
patches on the grassland. However, the shrubland 
mosaic evolved first slowly until 2000 (Figure 1(b)) 
and then increased from 11% of ground cover in 2000 
to 16% in 2006 (Figure 1(c)). Shrub cover was signif-
icantly increased by slope (95% of credibility interval 
is excluding zero) but not by topographic position.
Vegetation at the site was a mosaic of N. stricta 
grassland intermingled with shrubland patches dom-
inated by R. ferrugineum accompanied by Vaccinium 
species. N. stricta was by far the most frequent grass 
species and was found in all sampling plots with 0, 25, 
50 and 75% of R. ferrugineum cover, but not in those 
with 100% cover (Table I). The grass species Phleum 
alpinum L. was recorded in few plots, all with 0 and 
25% of shrub cover. The sedge Carex sempervirens 
Vill. was found in all plots with cover below 50%, in 
some plots with 50 and 75% of shrub cover and was 
absent where shrub cover was above 75%. Lathyrus 
montanus Bernh., Festuca ovina group, Luzula camp-
estris (L.) DC. and Vaccinium vitis idaea L. were often 
present in plots with 25, 50 and 75% of shrub cover, 
but were not recorded at 100%. Species found in 
plots completely covered by R. ferrugineum, namely 
Homogyne alpina (L.) Cass., Maianthemum bifolium 
(L.) Schmidt, Soldanella alpina L. and Vaccinium 
myrtillus L., were not exclusive of plots with 100% 
of shrub cover, but they were also recorded in plots 
with lower cover values.
The correspondence analysis constrained by 
R. ferrugineum cover and soil properties displayed 
differences in the influences of soil properties and 
shrub cover on plant species composition (Figure 2). 
Variation in vegetation was largely due to different 
percentages of R. ferrugineum and much less by soil 
properties, with the exception of pH in one of the 
transects. The spread of ordination scores between 
transects decreased with increasing values of shrub 
cover, indicating a homogenization on the composi-
tion. The large spread of plots at 0% shrub cover was 
mainly associated with soil pH.
A total of 41 plant species was found in the 
entire data-set. The cover of R. ferrugineum had a 
significant hump-shaped effect on species richness 
(P
휒
2 < 0.001 for both, single and square term; Fig-
ure 3(a)). The average number of species per 1 m2 
sample was 13 and 14 at 0 and 25% shrub cover, 
respectively, decreasing to 5 species at 100% 
shrub cover. The calculated index of similarity was 
also significantly affected by cover and its square 
(P
휒
2 < 0.001 for the single and P
휒
2 < 0.01 for the 
square term): values were the lowest for plots with-
out R. ferrugineum and increased with shrub cover 
(Figure 3(b)). The increase of similarity index 
occurred primarily at intermediate shrub cover 
between 0 and 50%.
The main Raunkiær life forms in the grass–
shrub mosaic were Hemicryptophytes rizomatosae, 
total root length density of each core were calculated 
using the densities found at each of the three soil 
sections, while average diameter were calculated as 
the ratio between the scanned projection area and 
the length of roots.
Statistical analysis
In order to investigate how vegetation composition 
changed along transects, a constrained correspond-
ence analysis (CCA) was carried out with inclusion 
of shrub cover and topsoil properties (0–5 cm depth) 
as explanatory environmental variables using package 
vegan in R 3.1.3 (R Development Core Team). Dif-
ferences in the ordination analyses using properties of 
topsoil or deeper soil (5–20 cm) were negligible.
In order to investigate the effects of shrub cover 
on vegetation, root and soil properties, generalized 
 linear-mixed models were fitted to the data. A Pois-
son distribution with a log link function was used 
for species richness, and a binomial likelihood with 
a logit link for similarity index and proportions of life 
forms. Overdispersion was not present. Root weight 
density, root length density and average diameter as 
well as soil pH, N and C content were always posi-
tive but sometimes close to 0. We, therefore, used a 
Gamma likelihood with a log link. Since data explo-
ration often suggested hump-shaped relationships, 
R. ferrugineum cover and its square were included as 
fixed effect. Soil proprieties were also added to the 
model as fixed effects but they didn’t improve the 
models as assessed by Akaike’s information criterion 
(AIC), which penalizes goodness of fit with the num-
ber of parameters. The transects were included as ran-
dom intercepts and slopes, but did not improve the 
AIC. Hence, the final models were estimated using 
computationally simpler generalized linear models 
(GLM) in R 3.1.3 (R Development Core Team).
The dependence of shrub cover on terrain slope 
and topographic position was estimated in a GLM 
with a binomial likelihood and a spatially structured 
random effect to account for spatial autocorrelation 
using integrated nested Laplace approximation (Rue 
et al. 2009; Homburger et al. 2015).
Proportional data on life forms were analysed 
using multinomial log-linear models with the “nnet” 
package in R (Venables & Ripley 2002). Again, cover 
of R. ferrugineum and its square were used as explan-
atory variables and significances were calculated 
based on likelihood ratio tests.
Results
Aboveground patterns in grassland–shrub mosaic
Ortophotos revealed that from 1973 onwards the 
study area was characterized by the presence of shrub 
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Belowground patterns in grassland–shrub mosaic
Soil pH values ranged from 3.2 to 4.3 in the top 
soil layer, and from 3.4 to 4.9 in the lower, 5–20 cm 
(Table II). The majority of the samples collected 
in the top layer had an N content of more than 
10 g kg−1, with a minimum of 3.9 and a maximum 
of 16.6 g kg−1, while in the deeper layer N content 
ranged from 1.3 to 7.4  g  kg−1. Both, pH and N 
content were not related to R. ferrugineum cover. In 
contrast, C content of the upper and deeper layer 
displayed a significant positive relationship with 
shrub cover (P
휒
2 < 0.05 and P
휒
2 < 0.01 for the upper 
and lower layer, respectively). It is interesting to note 
the variability between transects of top soil C content 
increased with shrub cover (Figure 4(a)).
Total root weight density across the entire inves-
tigated soil column (0–20  cm) showed no signifi-
cant relationship with shrub cover. This was due to 
contrasting responses of root weight density in the 
Hemicryptophytes caespitosae and Nano-phanero-
phytes, accounting for 32, 29 and 20% of all spe-
cies on average, respectively. While the percentage 
of  Hemicryptophytes rizomatosae was not affected 
by cover, the share of Hemicryptophytes caespitosae 
in the species assemblage showed a hump-shaped 
response to shrub cover (P
휒
2 < 0.001 for the single 
and P
휒
2 < 0.05 for the squared term; Figure 3(c)), 
decreasing from 36% at a cover of 25% to a share 
of 17% at 100% cover. Nano-phanerophytes dis-
played a significant positive relationship with cover 
(P
휒
2 < 0.001; Figure 3(d)), increasing from 14 to 33% 
as shrub cover increased from 0 to 100%. The multi-
nomial log-linear model indicated that the probabil-
ity to fall into a life form was significantly affected by 
cover (P
휒
2 < 0.05), but not by its square. Other life 
forms recorded were Geophytes rizomatosae (13% 
in average), Geophytes bulbosae (2% of all species 
in average) and Chamaephytes rizomatosae (4% in 
average).
Table I. Species composition in a subalpine grassland–shrub mosaic (Trenca farm, South-eastern Alps).
Notes: Plots were located along six transects of Rhododendron ferrugineum cover between 0 and 100%. Values indicate the number of plots 
were the species occurred (maximum of 6).
R. ferrugineum cover (%) 0 25 50 75 100
Achillea millefolium L. 1 – – – –
Agrostis tenuis Sibth. 1 – – 1 –
Antennaria dioica (L.) Gaertner 2 3 1 1 –
Anthoxanthum odoratum L. 3 – – 1 –
Arnica montana L. 3 – 2 1 –
Calluna vulgaris (L.) Hull 4 5 6 6 –
Carex caryophyllea La Tourr. 2 2 – 1 –
Carex sempervirens Vill. 5 6 4 5 –
Cerastium fontanum Baumg. – – – 1 –
Coronilla emerus L. – 1 – – –
Crocus albiflorus Kit. 3 1 – – –
Danthonia decumbens (L.) DC. 2 4 3 2 –
Euphrasia minima Jacq. ex DC. 1 1 1 – –
Festuca ovina group 5 6 5 5 –
Galium rubrum L. 1 – – – –
Geum montanum L. 1 – – – –
Homogyne alpina (L.) Cass. 3 5 5 6 5
Hypericum maculatum Crantz – – 1 – –
Lathyrus montanus Bernh. 5 5 5 2 –
Leontodon helveticus Merat 1 1 – 3 –
Leucorchis albida (L.) E. Meyer 1 2 – – –
Lotus corniculatus L. 1 1 1 1 –
Luzula campestris (L.) DC. 3 5 – – –
Luzula sieberi Tausch 2 2 4 4 –
Lycopodium clavatum L. – 1 1 1 1
Maianthemum bifolium (L.) Schmidt 4 4 6 4 4
Nardus stricta L. 6 6 5 6 –
Oxalis acetosella L. – – – – 2
Phleum alpinum L. 1 1 – – –
Plantago alpina L. – 1 – – –
Polygala vulgaris L. – 1 – – –
Potentilla aurea L. 6 6 6 6 –
Ranunculus montanus Willd. 1 – – – –
Rhododendron ferrugineum L. – 6 6 6 6
Soldanella alpina L. 4 4 5 6 5
Trifolium pratense L. 2 1 1 – –
Trifolium repens L. 1 1 – – –
Veronica chamaedrys L. – 1 – – –
Veronica officinalis L. 1 – – – –
Vaccinium myrtillus L. 5 6 6 6 6
Vaccinium vitis idaea L. 4 5 4 3 –
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ita
 di
 Pa
do
va
] a
t 0
5:5
9 0
7 D
ec
em
be
r 2
01
7 
498 C. Pornaro et al.
to variability in the data, a trend could not be doc-
umented in the upper layer, whereas the effect of 
shrub cover in the middle layer (P
휒
2 < 0.001) and the 
effects of shrub cover (P
휒
2 < 0.001) and its square in 
the deeper layer (P
휒
2 < 0.05) were significant.
Interesting patterns were found if information 
on root length and diameter were combined and 
root length density was analysed separately for 
diameter classes (Figure 5). In all cores, more than 
85% of total root length could be attributed to fine 
roots with diameter of less than 2  mm in diame-
ter. Length density of fine roots (<2 mm) showed a 
negative relationship with cover in the top soil layer 
(P
휒
2  <  0.01) and a significant hump-shaped effect 
of squared cover (P
휒
2  <  0.05) in the lower layer 
(Figure 5(a)). It is also interesting to note that the 
density of coarse roots (>2  mm) was positively 
related to shrub cover (P
휒
2  <  0.05) only in the 
middle layer (Figure 5(b)).
Discussion
Our study revealed distinct effects of shrub cover 
on above and belowground patterns in a mosaic of 
three depths (Figure 4(b)). In the top layer, which 
contained the major root mass, a hump-shaped 
but statistically non-significant relationship was 
found which contrasted with a significant increase 
(P
휒
2 < 0.05) in the middle layer (5–10 cm depth) and 
no change in the deepest layer. In contrast, total root 
length density significantly decreases with increasing 
shrub cover (P
휒
2 < 0.01) due to a strong and signif-
icant decrease with cover (P
휒
2 < 0.01) in the quan-
titatively important top layer (0–5  cm depth) and 
a significant hump-shaped effect of squared cover 
(P
휒
2 < 0.05) in the quantitatively marginal deepest 
10–20 cm layer (Figure 4(c)). For both root metrics, 
including soil properties did not improve models.
Figure 4(b) and (c) also show important changes 
in the depth distribution of roots along the shrub 
cover gradient. While the major root mass and root 
length was always located in the top 10  cm of the 
soil, the strong quantitative dominance of the top 
layer attenuated with shrub cover.
The analysis of average root diameter revealed 
a significant hump-shaped effect of shrub cover 
(P
휒
2  <  0.001 for the single and P
휒
2  <  0.05 for the 
square term) but minor effects of soil depth. Due 
−4 −2 0 2
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Figure 2. Canonical Correspondence Analysis of 1-m2 vegetation samples constrained by Rhododendron ferrugineum cover and soil properties 
(pH, nitrogen content [N] and carbon content [C]) of the upper (0–5 cm) soil layers. Full dots are plots with 0% of R. ferrugineum cover; 
empty dots are plots with cover between 25 and 100%. Dots of each transect are joined by a line along the cover gradient. Arrows 
indicate correlation vectors of soil properties used in the analysis. Abbreviation of species names: Ao: Anthoxanthum odoratum; Am: Arnica 
montana; Lc: Lotus corniculatus; Pa: Phleum alpinum; R: Rhododendron ferrugineum; Tr: Trifolium repens; Vm: Vaccinium myrtillus; Vv: Vaccinium 
vitis-idaea.
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Shrub cover reduces species richness and heterogeneity
A change in plant species composition was found along 
the gradient of R. ferrugineum cover, together with a 
hump-shaped response of species richness to shrub 
cover. These findings are in line with  earlier investiga-
tions of plant biodiversity along shrub gradients (e.g. 
N. stricta pasture and R. ferrugineum shrubs. We found 
that a high cover of shrubs was detrimental to spe-
cies richness as well as to the heterogeneity of species 
composition and reduced the density of fine roots in 
the top soil layer. These differences have important 
implications for ecosystem functioning and associ-
ated services.
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Figure 3. Effects of Rhododendron ferrugineum cover on the number of species (a), the similarity index of species composition (b), percentage 
of Hemicryptophytes caespitosae (c) and of Nano-phanerophytes in relation to the total number of species (d). Black lines represent 
predictions of generalized linear models for all plots.
Table II. Average soil pH and N content at two depths of a mountain pasture in the South-eastern Alps at different percentage of 
Rhododendron ferrugineum cover.
Note: Values are averaged over plots of six transects.
Soil properties Depth (cm) 
Shrub cover (%)
0 25 50 75 100
pH 0–5  3.71 3.62 3.42 3.64 3.54
5–20  3.93 3.86 3.78 4.00 3.64
N content (g kg−1) 0–5  11.53 11.39 11.94 9.96 12.73
5–20  3.99 3.79 4.67 3.66 5.32
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able to grow at higher percentages of cover. The 
specialist species coping with high competition by 
R. ferrugineum are obviously few in number and the 
same in all six gradients, in line with recent findings 
(Parolo et  al. 2011; Koch et  al. 2015). Our results 
further showed that when R. ferrugineum cover was 
high,  Hemicryptophytes caespitosae were replaced 
by Nano-phanerophytes with consequences on 
canopy and belowground structure. The Nano- 
phanerophytes, in fact, are long known to have a 
deeper root system than the Hemicryptophytae or 
Chamaephytes (Dierschke 1994).
Our study revealed that changes in plant spe-
cies composition were not related to soil proper-
ties, but to other factors, primarily topography and 
grazing management. As recently demonstrated 
by Homburger et  al. (2015), stocking rate alone is 
not sufficient to understand local grazing pressure. 
Anthelme et  al. 2001; Kesting 2009; Pornaro et  al. 
2013; Koch et al. 2015). Results of the vegetation anal-
ysis agreed well with releves of 100 m2 plots randomly 
distributed across the study site at a continuous range 
of R. ferrugineum cover (Pornaro 2012). It is interesting 
to note that 50 out of a total of 98 species recorded 
by Pornaro (2012) did not reach 1% of abundance. 
Even though these low-abundance species were rarely 
detected in 1 m2 samples, the shape of the response of 
species richness to shrub cover was similar.
Besides the fewer plant species in samples with 
high shrub cover, we detected a noteworthy homoge-
nization of the species composition at higher degrees 
of shrub cover as indicated by the Bray–Curtis dis-
tance and the CCA. Looking at species data in more 
detail reveals that the homogenization was due to 
the fact that few of the species recorded at inter-
mediate percentage of R. ferrugineum cover were 
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Figure 4. Effects of Rhododendron ferrugineum cover on soil carbon content (a), root weight density (b), root length density (c) and root 
average diameter (d) at different soil depth layers. In figure a, full symbols and black line represent samples collected at 0–5 cm of soil 
depth; empty symbols and gray lines represent samples collected at 5–20 cm of soil depth soil depths. In figures b, c and d, dots and solid 
lines represent the upper (0–5 cm) soil layer, square symbols and dashed lines represent the middle (5–10 cm) soil layer and rhombi and 
dotted lines represent the lower (10–20 cm) soil layer. Lines represent predictions of generalized linear models for all plots.
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(<2 mm) decrease as shrubs progress into grassland. 
Fine roots of grasses have high turn-over rates (Sch-
neider et al. 2006) and a positive effect on aggregate 
stabilization (Jastrow et al. 1998). Their lower length, 
weight density and turnover in forests compared with 
grasslands can therefore reduce aggregate stability as 
found by Guidi et al. (2014).
Above and belowground pattern have consequences for 
ecosystem functioning
Fine roots forming a very dense root system charac-
terize grasses (De Baets et al. 2006), in contrast to the 
root system of trees and shrubs, which consist of fewer 
thick roots. It is reasonable to attribute the negative 
effect of shrub cover on root length density in the top 
soil layer to a decrease of herbaceous components in 
the vegetation. In the middle soil layer, however, root 
biomass increased with higher R. ferrugineum cover, 
whereas root length density did not change. Nano- 
phanerophytes roots likely influence the weight of root 
system but not its length. At high levels of shrub cover, 
roots will henceforth be coarser and deeper in the soil.
As demonstrated by Morgan (2005), the effec-
tiveness of plant cover in surface runoff and erosion 
depends on the height and continuity of the canopy, 
plant density and ground cover. The capability of 
grasses to reduce superficial erosion is well known 
(Gyssels & Poesen 2003; Morgan 2005). Succession 
by R. ferrugineum at our site replaced this herba-
ceous layer at our site by a shrub layer. It is doubt-
ful whether the shrub cover layer will be as effective 
Environmental conditions, mainly terrain slope and 
vegetation influence grazing activities and cause 
under- and over-grazed areas. This likely explains 
the significant effect of slope on the distribution 
of shrubs at the study site. Moreover, Julitta et  al. 
(2014) demonstrated the important role of micro-
topography of subalpine grassland on plant species 
phenology and distribution by affecting snowmelt, 
nutrient and water availability.
Cover of R. ferrugineum is related to the distribution 
of fine roots in the soil
Results of CCA demonstrated that the composition 
of vegetation along shrub cover gradients was not 
related to soil properties, neither of the upper nor 
of the deeper soil. The only soil property correlated 
with R. ferrugineum cover was C content. Other stud-
ies also reported higher contents of organic C in for-
est than in grasslands (Guo et al. 2007; Guidi et al. 
2014). As a consequence of reduced soil temperature 
and moisture following forest succession (Hiltbrun-
ner et al. 2013), the decomposition of organic matter 
is slowed down, leading to a decreased incorporation 
of C into soil aggregates (Gregorich et al. 2006). As 
discussed by Guidi et  al. (2014), such an increase 
of C content in the soil is a typical positive effect 
of transitional phases between grasslands and forest. 
However, Guidi et al. (2014) found that less organic 
C is allocated to stable soil aggregates in forests 
than in grasslands. This evidence agrees well with 
our finding that the mass and length of fine roots 
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Figure 5. Depth distribution of the length density of roots with diameter less than 2 mm (a) and diameter higher than 2 mm (b) as affected 
by Rhododendron ferrugineum cover. Note that the scales of the response axes of the two panels differ by a factor 100. Symbols are observed 
values, lines show predictions of generalized linear models. Dots and solid lines represent the upper (0–5 cm) soil layer, square symbols and 
dashed lines represent the middle (5–10 cm) soil layer and rhombi and dotted lines represent the lower (10–20 cm) soil layer.
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as grasses in controlling soil erosion. Furthermore, 
roots and especially the fine ones are important 
 factors that account for the reinforcement of the soil 
against erosion (Canadell et al. 1996; Jackson et al. 
1997; Van Beek et al. 2005). The reduction of root 
systems with increasing R. ferrugineum cover suggests 
that soil, especially the top 5 cm of the soil surface, is 
more susceptible to superficial erosion in shrubland 
than in Nardus grassland.
Conclusions
The vegetation of the analysed mosaic of R. ferrugineum 
shrubland and Nardus grassland changed along the 
shrub cover gradient towards a less species-rich and 
more similar composition at high shrub cover. In line 
with the observed patterns in canopy structure and 
life forms, alternations of roots characteristics were 
found. The effects of the cover of R. ferrugineum on 
patterns below ground was stronger than the effect 
explained by the quantified soil properties, which 
only showed an insignificant trend towards higher 
C contents at high shrub cover. Changes in below-
ground structures may alter ecosystem functioning. 
Differences in the distribution of fine roots corrob-
orate evidence of higher C stabilization in soils of 
open grassland. In addition, the study suggests that 
surface soil erosion may be affected by a dense pres-
ence of R. ferrugineum cover in a subalpine pasture. 
Hence, we recommend maintaining grasslands with 
a low percentage of R. ferrugineum in order to bal-
ance a number of ecosystem services, namely plant 
species diversity, carbon stabilization in soil and the 
prevention of soil erosion.
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